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Description 

[0001] The present invention rebates to a method of 
remotely sensing temperature conditions at the location 
of siiicon wafers undergoing a process. 
[0002] One measurement method in current use in- 
volves an optical measurement which measures the 
black body radiation spectrum or a portion of it which is 
a function of temperature. This measurement is highly 
dependent upon the surface conditions of \he substrate 
being measured and is therefore difficult to make. 
[0003] Another measurement method involves the 
use of a therrnocoupie. This method is also difficult to 
carry out because it requires good conta ct with the wafer 
for fast and accurate measurements, 
[0004] EP-A-0406751 discloses an apparatus for 
sensing process conditions during a process in which a 
plurality of elements are fabricated and employing a 
monitor element for assisting in sensing the process 
conditions and WOA-86Q1595 discloses a thermome- 
ter arrangement including an inductor structure serving 
to provide for a contact! ess temperature measuring ar- 
rangement. 

[0005] It is an object of the present invention io pro- 
vide a method of measuring temperature conditions of 
silicon wafers being processed, which overcomes the 
aforementioned difficulties, 

[0006] According to the present invention there is pro- 
vided a method of monitoring temperature conditions of 
a plurality of silicon wafers during a silicon wafer fabri- 
cation process, characterized by the steps of introduc- 
ing a silicon-wafer-monitor element similar in material 
and shape to the said silicon wafers into the process in 
addition to the said silicon wafers and having electrical 
characteristics determined by *ts temperature, induc- 
tively coupling the said silicon-wafer-monitor element to 
a primary coil forming part of a primary inductor structure 
while the said silicon wafers and the said sHicon-wafer- 
monitor element are exposed to the said processing 
conditions, the primary inductor structure further com- 
prising a current source and a sensor connected to the 
said primary coil so as to inductively couple eddy cur- 
rents in the siHcon-wafemrtonitor element, sensing 
changes in an electrical signal in the primary coil with 
the sensor, the changes in the signal being induced by 
variations of the eddy currents In the silicon-wafer-mon- 
itor element, and converting the sensed changes to a 
temperature value. 

[0007] It will be appreciated that the impedance of the 
silicon wafer monitor element can be determined by 
changes in current amplitude and phase within the pri- 
mary coil. 

[0008] The examples shown in Fig r 1-4 are not cov- 
ered by the claims but provide examples which are use- 
ful for understanding the invention. 

Fig. 1 shows a schematic approximation of a sec- 
ondary current loop comprising an RC circuit on a 



wafer which is inductively coupled to a primary oo't\ 
of a transformer and sensing structure; 
Fig. 2 is a diagrammatic view of a closed secondary 
current loop which has been deposited on a sub- 
strate; 

Fig, 3 is a diagrammatic view of a wafer located in 
operative relation to a transformer and sensing 
structure; and 

Fig. 4 is a diagrammatic view of a spiral segment 
with connecting strap which has been deposited on 
a substrate; 

[0009] The monitor wafer 1 0 (Fig. 2), which does not 
form an embodiment of the invention, is prepared for use 
by forming a structure 1 2 on its surface, which structure 
subsequently acts as the secondary current loop of a 
transformer. This structure may be considered to be a 
circular transmission line whose characteristic capaci- 
tance and resistive impedances vary in a predetermined 
fashion with ambient conditions such as temperature. 
For a given structure and set of ambient conditions, this 
secondary current loop may be expected to have a char- 
acteristic resonant frequency. In Fig. 1 , a representation 
14 of the secondary current loop is shown as comprised 
of a circuit 16 including a plurality of capacitances 18 
and a plurality of resistances 20. The circuit 1 6 is shown 
as located in operative relationship with a representa- 
tion of a transformer structure 22 which includes a pri- 
mary coil 24, a current source 26 and a sensing device 
28 which is capable of sensing electrical measurements 
from the primary coil 24, 

[0010] A similar arrangement, which does also not 
form an embodiment of the mention, is shown in Fig, 

3, in which a transformer structure 30 includes two cou- 
pled primary coifs 32, 34, a current source 36 and a 
sensing device 38. A secondary coil 40 forms part of a 
monitor wafer 42 which is positioned between the pri- 
mary coils 32, 34, 

[0011] The secondary current loop need not be a 
closed continuous current loop structure shown in Fig. 
2. Other appropriate configuration can be employed, if 
desired. One such configuration, which does also not 
form an embodiment of the invention, is shown in Fig. 

4, in which a portion of a spiral 44 is located on a surface 
46 of a wafer 48. The ends of the spiral segment are 
joined by a conductive, resistive or sem {conductive 
strap 50 which is insulated by a suitable insulating layer 
(not shown) from the portions of the spiral 44 over which 
it passes. 

[0012] In an embodiment of the invention is a silicon 
wafer without a loop structure thereon employed as a 
monitor wafer. Locating such a wafer in operative rela- 
tion with respect to the primary coif of a transformer 
structure and the application of power to the primary coil 
will induce eddy currents in the wafer, which in turn will 
affect the electrical measurements taken from the trans- 
former structure by a sensing device. These measure- 
ments may then be used t after proper calibration, to de- 
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termine desired data, such as temperature, relating to 
the monitor wafer. Since the monitor wafer is made of 
the same material and has the same configuration as 
the wafers actually being processed, this same temper- 
ature or other vafue is also applicable to the wafers be- 
ing processed. 

[0013] The present invention may find use in a 
number of different applications. One such application 
is m the periodic determination of temperature of a group 
or batch of silicon wafers which are being processed rn 
the course of manufacture of semiconductor devices. In 
such a process, it is desirable to avoid actual contact 
with the silicon wafers in order to avoid possible con- 
tamination. Accordingly, a monitor wafer, being made 
from the same material and having the same configura- 
tion as the wafers being processed, can be included in 
the batch of wafers being processed, and its tempera- 
ture, which will be essentially identical to the tempera- 
ture of the other wafers m the batch, can be ascertained, 
This can be done without actual physical contact with 
the monitor wafer, as shown in Fig, 3, by causing a mon- 
itor wafer to come into operative relation with the primary 
coHs 32, 34 of a transformer structure 30, and detecting 
by use of the sensing device 38 the resulting change in 
electrical characteristics. By appropriate calibration, the 
change in electrical characteristics can be converted to 
indicate the temperature of the monitor wafer, which will 
be essentially identical to the temperature of the actual 
wafers being processed and a change in interna! eddy 
currents, when exposed to the field from the primary 
coils of the transformer structure, is relied upon to pro- 
duce a change in the current in the primary coils which 
can be sensed by a sensing device and converted to a 
temperature value. 



Claims 

1 . A method of monitoring temperature conditions of 
a plurality of silicon wafers during a silicon wafer 
fabrication process, characterized by the steps of 
introducing a silicon-wafer-monitor element similar 
in material and shape to the said silicon wafers into 
the process in addition to the said silicon wafers and 
having electrical characteristics determined by its 
temperature, inductively coupling the said silicon- 
wafer-monrtor element to a primary coil {32, 34) 
forming part of a primary inductor structure (30) 
while the said silicon wafers and the said sificon- 
wafer-monitor element are exposed to the said 
processing conditions, the primary inductor struc- 
ture further comprising a current source {36} and a 
sensor (38) connected to the said primary coif {32 t 
34) so as to inductively couple eddy currents in the 
silicon-wafer-monitor element, sensing changes in 
an electrical signal in the primary coil (32, 34) with 
the sensor (38), the changes in the signal being in- 
duced by variations of the eddy currents in the siii- 



con-wafer-monitor element, and converting the 
sensed changes to a temperature vaiue. 

2, A method according to Claim 1, characterized in 
5 that the said electrical signal comprises current am- 
plitude and the impedance of the silicon-wafer- 
monitor element is determined by changes in the 
current amplitude and phase within said primary coil 
(32, 34). 



Patentanspruche 

1. Verfahren zum Oberwachen von Temperaturbedin- 
?5 gungen einer Viefzahl von Siliciumwafern wShrend 

eines Siliciumwafer-Herstellungsvorgangs, ge- 
kennzeichnet durch die Schritte, ein Siliciumwafer- 
Qberwachungseiernent, das binsichtlich Material 
und Form ahnHch den Siliciumwafern ist, zusatzHch 
20 zu den genannten Siliciumwafern in den Vorgang 
einzubringen, das durch seine Ternperatur be- 
stimmte elektrische Charakteristiken hat, das ge- 
nannte Silicium wafer-Gberwachungsefement an ei- 
ne PrirnaYspuie (32, 34) indukttv zu koppeln, die ei- 
25 nen Teit einer primaren Induktionsstruktur (30) bit- 
det f wahrend die genannten Siliciumwafer und das 
genan nte Siliciumwafer-0 berwacbungsetemeni 
den genannten Verarbeitungsbedingungen ausge- 
setzt sind, wobei die prirnaYe Induktionsstruktur 
30 waiter eine StromcjueHe (36) und einen Sensor (38) 
angeschfossen an die genannte Primarspule (32, 
34) aufweist, urn so WirbelstrSrne in dem Silicium- 
wafer-Oberwachungselement induktrv zu koppeln, 
Anderungen in ehem etektrischen Signal in derPri- 
35 marspu^e (32, 34) mit dem Sensor (38) zu ermitteln, 
wobei die Anderungen in dem Signal durch Varia- 
tionen der Wirbelstrome in dem Silicium wafer- 
Oberwachungselement hervorgerufen werden, und 
die ermittelten Anderungen in einen Temperaiur- 
40 wert umzuwandeln. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daft das genannte elektrische Signal eine 
Stromampfitude aufweist und die Impedanz des Si- 

45 liciumwafer-Oberwachungselements durch die An- 
derungen in der Strornamplitude und Phase inner- 
halb der genannten Primarspule {32, 34) bestimrnt 
wird, 



50 

Revendications 

1. Precede de controie de conditions de temperature 
d'une pfuralite de tranches de silicium durant un 
55 processus de fabrication de tranches de silicium, 
caracterise par les etapes d'introduction d'un ele- 
ment de controie de tranches de silicium semblable 
en matiere et en forme auxdftes tranches de silicium 
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dans le processus en plus desdites tranches de si- 
iicium et ayant des caracteristiques electriques de- 
termineesparsa temperature, couplage inductifdu- 
dit element de control de tranches de siiicium a 
une bobine primaire (32, 34) faisant parlie d'une s 
structure inductrice primaire (30) land is Que lesdi- 
tes tranches de sslicium et ledit element de contrdle 
de tranches de siiicium sont exposes auxdites con- 
ditions de traitement, & structure inductrice primai- 
re comprenant en outre une source de courant (36) w 
et un capteur (38) connectes a ladife bobine primai- 
re (32, 34) de maniere a coupler indttctivernent des 
courants de Foucauit dans Tele mem: de contrdle de 
tranches de siiicium, detection de changements 
d F un signal electrique dans la bobine primaire {32, 
34) avec fe capteur (38), les changements du signal 
etant tnduits par des variations des courants de 
Foucauit dans Telement de contrdle de tranches de 
siiicium, et conversion des changements detecies 
en une valeur de temperature. 20 

Precede conformement a la revendication 1 } carac* 
terise en ce que [edit signal efectrique comprend 
une amplitude de courant et ('impedance de Teie- 
ment de controle de tranches de siiicium est deter- ?s 
minee par des changements de I'ampittude et de la 
phase du courant au sein de iadite bobine primaire 
(32, 34). 
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FIG. 3 




6 



EP0 644 409 B1 



FIG. 4 
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